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Addition of lithium ions seems to modify the strong
acid sites on the catalyst into weak acid sites, keeping
the total acidity constant. Addition of hydrofluoric
acid, as a source of fluoride ions enhances significantly
the strong and medium acid sites, at the same time
increases the total acidity.
ALUMINA as a catalyst and as a catalyst support
is used in a variety of industrially important
reactions like cracking, isomerization, polymeriza-
tion, alkylation and dehydration. In these reacticns
it is believed that the acidity of alumina plays a
major role. The investigation results of which
form the subject matter of this note was undertaken
to determine the effect of added lithium and fluoride
ions on the acid strength distribution of alumina.
The experiments were conducted following the
method developed by Hirschler et al? and Bencsi".
Alumina was prepared by hydrolysing aluminium
isopropoxide with distilled water", The precipitated
aluminium hydroxide was filtered, washed and
dried at 120° for 24 hr. The material was activated
at 500° in a stream of dry air for 24 hr. The
activated material was crushed and sieved (100-
120 mesh) and a part of it was used as a reference
catalyst. The various modified samples of this
activated alumina were prepared by impregnating
it with appropriate volumes of lithium nitrate and
hydrofluoric acid solutions. The eloped samples
were dried at 120° for 24 hr anel heated at 5000 for
another 24 hr to reactivate the catalyst and to de-
compose the nitrate ions from lithium nitrate, and
under this condition the prctons from hydrofluoric
acid may be assumed to combine with the oxide
ions on the surface of alumina.
The indicators used in the investigation were
from BDH and were further purified by suitable
methods. Titrations were carried out1,4, in 5 ml
pyrex test tubes (usually 5 tubes used) which were
dried at 120°C for 24 hr in an air oven. These were
cooled in a desiccator before weighing. About
0·5 g of the catalyst was transferred to each tube,
which was quickly stoppered weighed accurately
in an analytical balance and placed again in the
desiccator. The catalyst was covered with dry
benzene. n-Butylamine in benzene (0·07N) was
added to these catalysts (using a 1 ml pipette
graduated in 0·01 ml) in steps of 0·02 meqjg of
catalyst. The tubes were shaken vigorously and
allowed to equilibrate for about 3 hr. After equili-
bration the extent of neutralizaticn was determined
starting with the tube containing the largest amount
of n-butylamine.
A small amount of the catalyst was removed and
placed in a 2 ml tube containing 0·01% benzene
solution of the indicator. After allowing a few
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minutes for diffusion of the indicator and reaction
with the catalyst, the tube was carefully inverted
so that the catalyst (which remained at the bottom)
was examined with a 40 power microscope for the
approximate end point indicated by the presence
of very few acid coloured particles. After knowing
the approximate end point, the amount of n-butvl-
amine required for exact neutralization was obtain-
ed from the other tubes from which no catalyst had
been removed. Titrations were continued in this
manner until the sample was neutral to all the
indicators used. The tubes were kept tightly closed
in the desiccator except when additions were being
done.
The experimental results presented in Table 1
show the effect of lithium and fluoride ions on the
distributicn of acidities over alumina. The Hammett
indicators used in the present work ak ng with the
pKa values and their acid colours are given in
Table 2.
The acid sites distributed over alumina may be
classified into three types according to their strength,
namely, weak acid sites with pKa values of +3·3
and -3'0, medium strength sites with pKa -5·7
and strong acid sites with pKa -8,3. Pure alumina
has a total acidity of 0·65 meq n-butylaminefg
catalyst. The strong and medium acid sites are
TABLE 1 - ACIDITY DISTRIBUTION OF ALUMINA IN THE
PRESENCE OF LITHIUM AND FLUORIDE IONS
Catalyst Total
acidity
n-Butylamine titres (meqjg)
using indicator
Anthra-
quinone
Chal-
kone
Dicin-
namal
acetone
Butter
yellow
EFFECT OF Li+
Alumina pure 0·034 0·056 0·270 0·290 0·650
Alumina +0·5% 0·010 0·034 0·300 0·300 0·644
Li
Alumina +1,0% 0·000 0·000 0·270 0·320 0·590
Li-
Alumina +1,5% 0·000 0·000 0·320 0·340 0·660
Li
EFFECT OF F-
Alumina pure 0·034 0·056 0·270 0·290 0·650
Alumina +2,0% 0·160 0·260 0·360 0·380 1-160
HF
Alumina +4,0% 0·200 0·280 0·380 0·380 1·240
HF
Alumina +6,0% 0·280 0·340 0·360 0·380 1·360
HF
TABLE 2 - HAMMETT INDICATORS, THEIR pKa VALUES
AND ACID COLOURS
Indicator pKa" Acid colours
Butt er yellow
Dicinnamalacetone
Chalkone
Ant hraquincne
+3·3
-3,0
-5·7
-8·3
Red
Red
Yellow
Yellow
'Compared to sulphuric acid-water system acid sites
having pKa values in three ranges 3·3 to -3·0; -3,0 to
-5,7; -5·7 to -8,3 and less are 3 X 10-4 to 48% H2S04
48% to 72% H2S04 and stronger than 72% H2S04 respec~
t ively.
found to be about 5% (0·034 meqjg) and 9% (0·056
meq/g) respectively, whereas the weak acid sites
constitute about 85% (0·27+0·29 meq/g) as shown
in Table 1. Impregnation of pure alumina with
0·5% by weight of lithium ion brings dcwn the
strong and medium acids by about 70 and 40%
respectively, at the same time it increases the weak
acids by 15%. Lithium ion content >0'5% eli-
minates completely the streng and medium acid
sites, while the amount of weak acid sites shows
a continuous increase. In other words lithium ien
addition seems to modify the streng acid sites into
weak acid sites, keeping the total acidity cc nstant
(Table 1). Herman Pines" has also abserved a
similar effect on the additien of scdium ien to
alumina catalyst.
On the other hand modificatixn of pute alumina
with 2% hydrofluoric acid enhances significantly
the strong and medium acids by 370% (0·160 meq/
g) and 340% (0·260 meq/g) respectively, whereas
the enhancement in the case of weak acids is cnlv
about 78% (Table 1). Increase of hydrofluoric acid
beyond 2% seems to have no effect on weak acids
but the strong and medium acids continue to increase
with hydrofluoric acid. It is to be noted that unlike
lithium ion which keeps the total acidity ccnstant ,
hydrofluoric acid increases the total acidity.
The author thanks Dr G. S. Laddha for facilities
and encouragement.
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Thermal characteristics of sodium tungstate,
NaZW04.2H20 have been Investigated by DTA and TG,
and various transition products analysed by chemical
analysis, IR, X-ray diffraction, surface acidity and
magnetic susceptibility techniques. This tungstate
undergoes endothermic changes at 150°, 600° and 700°
which are asstgned to dehydration, crystal trans-
formation and melting, respectively. The compound
does not undergo any decomposition till rnettlng.
The pure tungatate as well as its transition products
are dlamagnetlc and do not contain acid sites.
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of Applied Chemistry, University College of Science &
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NOTES
SODIUM tungstate has been used as a catalyst in
the isomerization of iodides by hydrogen per-
oxide>, decomposition of hydrogen peroxide>, de-
hydration of formamide" to hydrogen cyanide at
250-510°, tridymite formation from quartz+, vinyl
acetate productic n! and in the decomposition of
benzil by hydrogen peroxide". As the activity of
a catalyst depends mainly on its physicochemical
properties, it is worthwhile to study some of the
prcperties of scdium tungstate. The present note
deals with thermal analysis (DTA and TG), infrared
(IR), X-ray diffraction (XRD), surface acidity and
magnetic susceptibility of sodium tungstate as well
as of its thermal transition products.
DT A and TG of sodium tungstate were carried
out as reported earlier 7. IR spectra and XRD
patterns of the pure sample as well as of its thermal
transition products obtained by calcining the com-
pound at 250°, 660° and 710° in air for 2 hr in each
case, were obtained by the methods described
earlier", Magnetic susceptibilities of these samples
were measured by Faraday method at 24° using
Hg [CO(NCS)4J as cali brant. The surface acidic
strength of the samples was measured using n-
butylamine and Ho indicators", Na" and W6+ in
soluticn were estimated by conventional methods.
The amount of water was determined using Coleman
carbon-hydrogen analyser.
The composition of the catalyst, as reported, is
Na2W04·2H20.
DT A and TG curves of sodium tungstate are
shown in Fig. 1. The DTA curve shows one endo-
thermic peak at 150° (range 100-220°) followed
by two sharp endothermic changes at 600° and
700°. The TG curve represents a gradual weight
loss starting from 100° and ending at 220°, the
total weight loss being 11'6%, corresponding to the
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Fig. 1 - DTA and TGA of sodium tungstate dihydrate
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